Distribution of bacteriophages in food and environment samples by Premarathne, Jayasekara Mudiyanselage Krishanthi Jayarukshi Kumari et al.
© All Rights Reserved
*Corresponding author. 
Email: krissjayaruk@yahoo.com
      International Food Research Journal 24(2): 888-896 (April 2017)
Journal homepage: http://www.ifrj.upm.edu.my
2,3*Premarathne, J. M. K. J. K., 2Thung, T. Y., 2New, C. Y., 4Huat, J. T. Y., 5Basri, D. F., 
2Rukayadi, Y., 6Nakaguchi ,Y., 7Nishibuchi, M. and 1,2Son, R.
1Food Safety and Food Integrity, Institute of Tropical Agriculture and Food Security, Universiti Putra 
Malaysia 43400 Serdang, Selangor, Malaysia
2Department of Food Science, Faculty of Food Science and Technology, Universiti Putra Malaysia, 
43400 Serdang, Selangor, Malaysia
 3Department of Livestock and Avian Science, Faculty of Livestock, Fisheries and Nutrition, Wayamba 
University of Sri Lanka, Makandura, 60170 Gonawila, Sri Lanka
4Faculty of Food Technology, Universiti Sultan Zainal Abidin, 20400 Kuala Terengganu, Terengganu, 
Malaysia
5School of Diagnostic and Applied Health Sciences, Faculty of Health Sciences, Universiti Kebangsaan 
Malaysia, 50300 UKM Kuala Lumpur, Selangor Darul Ehsan, Malaysia
6Faculty of Bioresources and Environmental Sciences, Ishikawa Prefectural University, Nonoichi City, 
Ishikawa Prefecture, Japan
7Centre for Southeast Asian Studies, Kyoto University, Kyoto 606-8501, Japan
Distribution of bacteriophages in food and environment samples 
Abstract
Foodborne pathogens have become a constant threat to the consumer and food industry. 
Reduce efficacy of antibiotics with emergence of resistant bacteria has limited the opportunities 
for controlling pathogenic bacteria in food commodities and treating foodborne infections. 
Bacteriophages can be a promising alternative for alleviate the risk of transmitting pathogenic 
bacteria via food commodities.  Therefore, this research was conducted to find distribution of 
bacteriophages in diverse niches in order to identify suitable sources for isolating bacteriophages 
to use controlling foodborne pathogens. Firstly bacterial strains were screened for lysogenic and 
selected suitable host bacterial strains were used for isolating and determining bacteriophage titer 
in fresh raw food and environmental samples. Eighteen different lytic bacteriophages effective 
against Campylobacter, S. aureus, L. monocytogenes and E. coli were isolated from this study. 
Bacteriophages titer was determined within range of 102 to 1010 PFU/mL and bacteriophages 
were most frequently isolated from chicken (60%) samples. The isolated bacteriophages could 
be potential candidates for controlling foodborne diseases. 
Introduction
Campylobacter, Staphylococcus aureus, Listeria 
monocytogenes and Escherichia coli are some of 
the leading foodborne pathogens that cause major 
public health issue around the world (Behravesh 
et al., 2012; Newell et al., 2010).  Food products, 
especially food of animal origin can be contaminated 
with these foodborne pathogens at any stage during 
the production process (Sillankorva et al., 2012; 
Carvalho et al., 2010). 
High Campylobacter contamination level 
was reported in chicken and vegetables sold in 
Malaysia (Tang et al., 2009; Chai et al., 2007; 
Wong et al., 2017). Dairy and milk products sold in 
Malaysian markets were contaminated with S. aureus 
(Sasidharan et al., 2011).  Neela et al. (2009) reported 
the isolation of MRSA from pigs and pig handlers in 
Malaysia. L. monocytogenes recovered from various 
food sources such as ready to eat foods (Marian et 
al., 2012), ducks (Adzitey et al., 2013), raw salad 
vegetables (Ponniah et al., 2010), burger patties 
(Wong et al., 2012), chicken (Goh et al., 2013) and 
chicken offal (Kuan et al., 2013). The E. coli O157: 
H7 occurred in beef samples (Son et al., 1998); milk 
(Lye et al., 2013); ready-to-eat food, popiah (Elexson 
et al., 2017) and chicken (Chang et al., 2013) sold 
in Malaysia. Also, E. coli was isolated from raw 
vegetables (Loo et al., 2013), pigs (Ho et al., 2013) 
and water samples (Alhaj et al., 2007) in the country. 
Also high antibiotic resistance was reported among 
the isolated foodborne pathogens (Tang et al., 2009; 
Chai et al., 2007). Though not significant, GMO that 
may carry the antibiotic resistant gene as marker has 
also been reported in Malaysia (Lisha et al., 2017).
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and antibiotic resistance, novel, and efficient 
strategies have become paramount in the current 
global context (Gálvez et al., 2010; García et al., 
2010).  Bacteriophages have been identified as a 
potential alternative to antibiotics (Haq  et al., 2012; 
Sillankorva et al., 2012). Bacteriophages also known 
as phages are bacterial viruses composed of nucleic 
acid genome enclosed within a protein or lipoprotein 
coat (Sillankorva et al., 2012). Phages are ubiquitous 
in the environment and all most all the bacteria 
possess their own bacteriophages that can be isolated 
from the environment where the host bacteria occur 
(Sillankorva et al., 2012; Kutter, 2005). 
More than 1031 bacteriophages contain in the 
earth biosphere (Endersen et al., 2014). Further, 
bacteriophages that infect various host bacteria were 
isolated from diverse sources such as human faeces, 
animal faeces, food, water, soil and sewage (Atterbury, 
2009). However, worldwide still an only limited 
number of bacteriophages were identified (Casjens, 
2008). Even in Malaysia, only a few bacteriophages 
such as that effective against Vibrio cholera (Al-Fendi 
et al., 2014) and colibacillosis (Lau et al., 2010) were 
investigated. Therefore, need to study and isolate 
prevailing bacteriophages in the country that could 
be used as a potential agent to control pathogenic 
and multidrug resistance bacteria. Therefore, the 
objectives of this study were to assess the distribution 
and concentration of Campylobacter, S. aureus, L. 
monocytogenes, and E. coli bacteriophages in food 
and environmental samples.
Materials and Methods
Host-bacterial cultures and growth conditions 
Foodborne pathogenic bacteria including 
Campylobacter jejuni, Campylobactere coli 
isolated from this study and Staphylococcus aureus, 
methicillin-resistant Staphylococcus aureus (MRSA), 
Listeria monocytogenes and E. coli obtained from the 
Food Safety Laboratory, Faculty of Food Science and 
Technology, Universiti Putra Malaysia were used as 
the target host bacteria. 
Campylobacter strains used in this study were 
maintained in 20% (v/v) glycerol supplemented 
with Brain Heart Infusion (BHI) broth (Merck, 
Germany) at −20˚C until use. When necessary, 
working cultures were prepared on Blood Agar plates 
(PB0114, Oxoid, UK). Campylobacter host strains 
were grown according to the method by Carvalho 
et al. (2010). Briefly, Campylobacter was grown in 
New Zealand Casamino Yeast Medium (NZCYM, 
Sigma-Aldrich, USA) supplemented with 400 μg/
mL CaCl2 and 400 μg/mL MgSO4 at 42˚C under 
microaerophilic conditions generated by Anaerocult 
C system (Merck, Germany) with shaking (150 
rpm) (MaxQ 4000; Barnstead International, USA). 
The broth reached the mid-log phase were used for 
bacteriophage enrichment.
The bacterial strains, S. aureus, L. monocytogenes 
and E. coli utilized in this study, were stored in 20% 
(v/v) glycerol at −20˚C. A 100 μL of the frozen 
stock culture was inoculated into Luria Bertani (LB) 
broth (Merck, Germany) and incubated overnight 
at 37°C with shaking. Secondary cultures were 
prepared on Tryptone Soy agar (TSA) (Merck, 
Germany) slants by transferring from the activated 
bacterial broth culture grown in Luria-Bertani (LB) 
broth (Merck, Germany). Then the agar slants were 
sealed and stored at 4˚C until use for the preparation 
of working cultures. When necessary a loop full of 
culture from agar slants was transferred onto TSA 
(Merck, Germany) (incubated overnight at 37°C), 
then checked for purity and transferred single colony 
into LB broth (Merck, Germany) to prepare working 
cultures. The bacterial host strains (S. aureus, L. 
monocytogenes, and E. coli) grown in LB broth 
(Merck, Germany) with shaking incubation (150 
rpm) at 37˚C until it reaches the mid-log phase were 
used for bacteriophage enrichment. 
Screening bacterial strains for lysogeny
Bacterial strains were screened for lysogeny by 
using mitomycin C as inducing agent. A 10 mL of fresh 
NZCYM broth growth media was inoculated with 
100 μL of an overnight culture of the Campylobacter 
strain to be tested for lysogeny. The Campylobacter 
cultures were incubated at 42°C under microaerobic 
conditions (Anaerocult C system (Merck, Germany). 
Once the bacteria reached the exponential growth 
phase, 5 μL of 1 mg/mL mitomycin C was added and 
for the negative control 5 μL of distilled water was 
added. Then absorbency was measured at 600 nm in 
each hour for 12 h. The strains that reduced turbidity 
were excluded from the study.
A 10 mL of fresh LB broth growth media was 
inoculated with 100 μL of an overnight culture of the 
S. aureus, L. monocytogenes or E. coli strain to be 
tested for lysogeny. Then cultures were incubated at 
37°C, and once they reached the exponential growth 
phase, 5 μL of 1 mg/mL mitomycin C was added and 
for the negative control 5 μL of distilled water was 
added. Then absorbency was measured at 600 nm in 
each hour for 8 h. The strains that reduced turbidity 
were excluded from the study.
Sample collection 
Fresh food samples including; dairy products, 
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poultry, seafood, vegetables, and beef were purchased 
from different wet markets in Selangor, Malaysia. 
Also, environmental samples such as water and 
sewage samples were collected from surrounding 
area of the wet markets in Selangor and Universiti 
Putra Malaysia, Malaysia. Samples were collected 
and stored inside an insulated cool box containing 
ice pack and immediately processes at the laboratory.
Enrichment of bacteriophages
Samples were mixed with 1:10 (w/v) SM buffer 
[50 mM Tris-HCl (pH 7.5)], 0.1 M NaCl, 8 mM 
MgSO4•7H2O and 0.01% (w/v) gelatine (Sigma-
Aldrich, USA) and the mixture was pummeled. 
Then the homogenised sample was inoculated with 
exponential phase Campylobacter culture at 9:1 (v/v) 
ratio. Then followed by overnight shaking incubation 
(150 rpm) at 42°C microaerobically (Anaerocult C 
system; Merck, Germany) for potential bacteriophages 
to amplify and dissociate. The homogenized sample 
was inoculated with exponential phase bacterial 
culture of S. aureus, MRSA, L. monocytogenes, and 
E. coli at 9:1 (v/v) ratio and followed by overnight 
shaking incubation (150 rpm) at 37ºC for potential 
bacteriophages to amplify and dissociate. 
Isolation of bacteriophages
After incubation, the mixture was centrifuged for 
10 min at 10,000 rpm to remove bulk debris from 
the sample. Bacterial cells were removed by filtering 
the supernatant through 0.2 μM membrane filter 
(Sartorius, Germany). Then, the filtrate was checked 
for phage activity using spot plate assay (Chang et 
al., 2005; Adam, 1959).  Briefly, an aliquot of 100 
μL of mid-log phase bacteria Campylobacter cultures 
were inoculated into 3 mL of molten NZCYM soft 
agar (NZCYM broth containing 0.6% (w/v) agar). 
This mixture was poured evenly onto NZCYM 
bottom agar (NZCYM broth containing 1.5% (w/v) 
agar). Once the top agar solidified, 10 μL of the 
filtrate was spotted onto the onto NZCYM bottom 
agar containing Campylobacter.  Then the plates 
were dried for 30 mins and incubated overnight at 
42°C under microaerobic conditions (Anaerocult C 
system; Merck, Germany). 
An aliquot of 100 μL of mid-log phase bacterial 
cultures of S. aureus, MRSA, L. monocytogenes and 
E. coli were separately inoculated into 3 mL of molten 
LB soft agar (LB broth containing 0.6% (w/v) agar). 
This mixture was poured evenly onto LB agar (Merck, 
Germany). Once the top agar solidified, 10 μL of the 
filtrate was spotted onto the LB agar containing host 
bacteria (S. aureus, MRSA, L. monocytogenes, and 
E. coli).  Then the plates were dried for 30 mins and 
all culture plates were incubated overnight at 37°C. 
Plaque morphology 
After incubation, the plates were observed for 
the presence of visible clear zones or plaques that are 
indicative of bacterial lysis by phage activity. Plaques 
were scored on a scale from 0 to 5 depending on the 
plaque morphology (Al-Fendi, 2014).  Plates with 
no interaction or minimal effect were given a score 
0 and 1 respectively. A Clear and complete bacterial 
lysis was scored as 2 while turbid plaques that were 
not able to clearly distinguish as lytic activity was 
given a score 3 or 4. Plaque with a clear margin and 
turbid centre that resembles a bulls-eye was given 
score 5. Initially, plaques scored 2-5 were considered 
as phage activity. 
Double layer assay
Samples that displayed phage activity were 
reconfirmed using double layer assay as described by 
Adams (1959). Briefly, a 100 μL of enriched sample 
filtrate and 100 μL mid-log phase Campylobacter 
bacterial culture was added to 3 mL of molten 
NZCYM soft agar (NZCYM broth containing 0.6% 
(w/v) agar). Then the mixture was mixed well and 
poured evenly onto NZCYM bottom agar (NZCYM 
broth containing 1.5% (w/v) agar). Once the top agar 
solidified, the plates were incubated overnight at 
42°C under microaerobic conditions (Anaerocult C 
system; Merck, Germany).  
Briefly, a 100 μL of enriched sample filtrate 
and 100 μL mid-log phase bacterial culture of S. 
aureus, MRSA, L. monocytogenes, and E. coli was 
separately added to 3 mL of molten LB soft agar (LB 
broth containing 0.6% (w/v) agar). The mixture was 
mixed well and poured evenly onto LB agar (Merck, 
Germany). Once the top agar solidified, the culture 
plates were incubated overnight at 37°C. 
After incubation, plates were observed for the 
presence of plaques. Samples indicated presences 
of plaques were confirmed as phages. Detected 
plaques were picked using a sterile pipette tip and 
resuspended in 100-500 μL of SM buffer and stored 
at 4°C for future use. 
Bacteriophages titration
Bacteriophages titration was conducted using the 
double layer assay as described by Adams (1959). 
A ten folds dilution of phage lysate was prepared 
by using SM buffer. Then double layer assay was 
conducted for each dilution in triplicates. 
After incubation, the plates were observed for the 
presence of visible clear zones of bacterial lysis. The 
dilution that formed 30 and 200 plaques were selected 
891  Premarathne et al./IFRJ 24(2): 888-896
and counted the number of plaques. The obtained 
data were used to calculate the plaque forming units 
(PFU/ mL) using standard formula (Adams, 1959).
Results and Discussion
Screening for lysogeny
Out of the 36 tested bacterial strains for prophage 
activity using mitomycin C, two of the S. aureus strains 
harboured prophages in the genome. Incubating 
with mitomycin C, the optical density reduced in 
the bacterial strains that harboured prophage. At the 
initial phase of phage isolation, selecting bacterial 
hosts that do not harbour prophages in the genome 
is important (Garcia et al., 2007). The prophages in 
the bacterial genome can be induced by application 
of mitomycin C, chloroform or ultraviolet (UV) light 
(Weinbauer, 2004; Garcia et al., 2007). In this study, 
mitomycin C was used to induce the prophages, 
and two S. aureus strains (FQ3 and FQ5) were 
identified to be lysogenize by containing prophages 
in the genome. Therefore, those two S. aureus strains 
excluded from phage isolation procedure. 
Plaque formation
First samples were screened using the spot 
plate assay, observed various plaque morphologies 
were given a score and recorded. Different scores 
given for plaque morphologies indicate in Figure 1. 
Initially, 131 experiments were able to produce clear 
to turbid plaques from the spot assay method. In the 
spot plate method, once the enriched sample applied 
to a lawn of host bacteria on agar medium, phages 
in the sample will be absorbed to the host bacterium 
and commence lysis. This bacterial lysis produces a 
visible clear zone on the bacterial lawn that named 
as a plaque (Adams, 1959; Kutter, 2005; Yoon et 
al., 2007). Samples demonstrated bacteriophage 
activities on spot plate method was then reconfirmed 
with double layer assay. In the food samples tested, 
highest phage activity was demonstrated in seafood 
samples however with confirmation by double 
layer assay identified as lysogenic phages (data not 
shown). However, following the double layer assay, 
only 18 samples were able to produce clear plaques 
characteristic of a lytic phage while the rest formed 
turbid, very small or hardly visible plaques typical for 
lysogenic phages (Adams, 1959; Yoon et al., 2007). 
The temperate phages lead to lysogenic infection in 
which transfers the phage genome into the bacterial 
progeny without lysis of the host bacterium. Phages 
that enter lysogenic growth cycle produce turbid 
plaques on susceptible bacterial lawns (Adams, 1959; 
Ai et al., 2008). The lytic nature of the phages  to be 
verified before using for phage therapy because often 
lysogenic phages may not be likely to inhibit bacterial 
pathogens and might become resistant to phage lysis 
(Skurnik et al., 2007; Sulakvelidze, 2011). The 
isolated phages produced around 1.0 to 3.0 mm lytic 
plaques in the double layer assay (Figure 2). The size 
and appearance of a plaque can be associated with the 
volume and density of agar, concentration and stage 
of growth of the host bacterium and constancy of the 
top agar (Adams, 1959; Cormier and Janes, 2014). 
Occurrence of phages
A total of 18 bacteriophages confirmed to 
demonstrate lytic activity for L. monocytogenes, E. 
coli, S. aureus, MRSA, and Campylobacter (Table 
1). From the tested samples, the highest frequency of 
isolating bacteriophages was reported in chicken (60%) 
whilst vegetables found to have the lowest frequency 
(9.4%) (Table 1). The occurrence of bacteriophages 
was closely related to the host bacterium (Akhtar 
et al., 2014). Therefore, bacteriophages could be 
isolated from natural environment of the targeted 
host bacterium (Adams, 1959; Endersen et al., 
2014).  However, none of the phage ativity showed 
by environmental samples was able to produce lytic 
activity (Table 1). Similarly, Bigwood and Hudson, 
(2009) were unable to isolate Campylobacter phage 
from water samples taken from various locations can 
be related to a low concentration of host bacterium 
Figure 1. Observed plaque morphologies
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present in the environmental samples (Bigwood and 
Hudson, 2009). 
In this study, six different phages effective 
for Campylobacter were isolated from chicken 
and vegetable samples. Similar to these findings, 
previously phages effective against Campylobacter 
were isolated from variety of samples including; 
chicken (Atterbury et al., 2003), chicken intestine 
(Carrillo et al., 2007; Hansen et al., 2007; Carvalho 
et al., 2010), duck intestine (Hansen et al., 2007), 
chicken ceca (Atterbury et al., 2005; El-Shibiny et 
al., 2005; Carrillo et al., 2007), chicken feces (Owens 
et al., 2013), and from abattoir wastewater (Hansen 
et al., 2007). However, phages for Campylobacter 
could not be isolated from water samples taken 
from rivers, streams, ponds and lakes (Bigwood and 
Hudson, 2009) and frozen chicken (Atterbury et al., 
2003). Interestingly, this study was able to isolate 
two phages effective against C. jejuni from vegetable 
samples. High level of Campylobacter contamination 
in vegetables was previously reported from Malaysia 
(Chai et al., 2007). Phages are naturally present 
in the environment in which the host bacterium 
inhabits (Brüssow, 2002). Therefore, an abundance 
of Campylobacter host in vegetables may have 
associated with the isolation of phages acting against 
C. jejuni. 
In the current study, the bacteriophages effective 
against E. coli were isolated each from chicken 
(n=1), beef (n=1) and vegetables (n=1). Previously 
E. coli phages were isolated from; sewage sludge 
(Fan et al., 2012), human stools (Tomat et al., 2013), 
chicken meat (Shousha et al., 2015), poultry feces 
(Bhensdadia et al., 2014) and industrial cucumber 
fermentation (Lu and Breidt, 2015). 
Three bacteriophages effective against S. aureus 
were isolated from chicken and beef samples and one 
of which was effective against MRSA. Previously, 
phages effective against S. aureus were isolated from 
a cow infected with mastitis (Kwiatek et al., 2012), 
sewage samples (Synnott et al., 2009; Alves et al., 
2014) and endotracheal tubes used by patients (Hsieh 
et al., 2011). The isolated phage ØMRSA1 lysed both 
S. aureus and MRSA strains. 
Listeria phages (5.4%) were the most frequently 
isolated pahes in this study, a total of six phages from 
chicken (n=4), beef (n=1) and vegetables (n=1) that 
effective against L. monocytogenes. Earlier Listeria 
phages were recovered from fish waste treatment 
seafood (Arachchi et al., 2013), turkey processing 
plant (Kim et al., 2008), sewage of a dairy processing 
facility (Carlton et al., 2005) and environmental 
samples (Loessner and Busse, 1990). Though more 
than 500 different phages effective for Listeria were 
isolated; only a few were studied at the genomic level 
(Zimmer et al., 2003; Carlton et al., 2005; Dorscht et 
al., 2009; Schmuki et al., 2012). 
Table 1. Isolation of phages from different samples
Figure 2. Morphology of lytic plaques. Phage active against 
A: L. monocytogenes; B: S. aureus; C: C. jejuni; D: E. coli. 
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Bacteriophage titers
The bacteriophage titer levels in samples ranged 
from 8.1 × 1010 ± 4.02 to 4.7 × 102 ± 1.04 (Table 
2). The highest bacteriophage titer at 1010 PFU/mL 
was detected for Campylobacter and E. coli specific 
bacteriophages that isolated from the chicken and 
beef.  While the lowest titer was recorded for phage 
isolated from vegetables that active against L. 
monocytogenes.  Comparatively vegetable samples 
carried low phages titer than meat samples. Atterbury 
et al., (2003) was able to isolate 1 x 102 to 4 x 106 
PFU/mL Campylobacter phages from chicken and 
later  Atterbury et al., (2005) and El-Shibiny et al., 
(2005) recovered 102 to 107 PFU/g Campylobacter 
phages from the cecal content of broiler chickens. 
Enrichemnt incoperated in the bacteriophage 
isolation step was reported to facilitaed isolation of 
phages (Carvalho et al., 2010) may be associated 
with the favourable titers reported in this study. 
Conclusion
In conclusion, phages specific for Camphylobacter 
jejuni, C. coli, Staphylococcus aureus, MRSA, 
Listeria monocytogenes, and Escherichia coli were 
isolated from various food commodities in Malaysia. 
Therefore, findings of this study indicate that phages 
can be readily isolated from food products, and 
people can be exposed to phages frequently via food. 
The high titers and lytic ability exhibited by these 
phages stipulate them as promising and potential 




This research was supported by the Fundamental 
Research Grant Scheme (FRGS) of Ministry 
of Higher Education (MOHE), Malaysia with 
project code 02-01-14-1475FR and reference code 
FRGS/1/2014/SG05/UPM/01/2 and in part, by a 
fund for Research on international cooperation in 
medical science, Research on global health issues, 
Health and Labor Science Research Grants, the 
Ministry of Health, Labor, and Welfare of Japan, and 
a fund from Kyoto University Research Coordination 
Alliance, Japan, by a fund by Kakenhi Grant-in-Aid 
for Scientific Research and from the Japan Society 
for the Promotion of Sciences.
References
Adams, M. H. 1959. Appendix: methods of study of 
bacterial viruses. Bacteriophages, p. 450-451. New 
York: Interscience Publisher.
Adzitey, F., Ali, G. R. R., Huda, N., Cogan, T. and Corry, 
J. 2013. Prevalence, antibiotic resistance and genetic 
diversity of Listeria monocytogenes isolated from 
Table 2. Bacteriophage Titers 
 Premarathne et al./IFRJ 24(2): 888-896 894
ducks, their rearing and processing environments in 
Penang, Malaysia. Food Control 32(2): 607-614.
Ai, Y., Meng, F. and Zeng, Y. 2000. The evolution 
of pathogen-host interactions mediated by 
bacteriophages. Wei Sheng Wu Hsueh Pao – Acta 
Microbiologica Sinica 40(6): 657-660.
Al-Fendi, A. 2014. Isolation and molecular characterization 
of bacteriophages from environmental sources: 
Toward the development of phage-based therapy for 
Vibrio cholerae. Penang, Malaysia: The Universiti 
Sains Malaysia, PhD thesis.
Al-Fendi, A., Shueb, R. H., Ravichandran, M. and 
Yean, C. Y. 2014. Isolation and characterization of 
lytic vibriophage against Vibrio cholerae O1 from 
environmental water samples in Kelantan, Malaysia. 
Journal of Basic Microbiology 54(10): 1036-1043.
Alhaj, N., Mariana, N. S., Raha, A. R. and Ishak, Z. 2007. 
Prevalence of antibiotic resistance among Escherichia 
coli from different sources in Malaysia. International 
Journal of Poultry Science 6(4): 293-297.
Alves, D. R., Gaudion, A., Bean, J. E., Esteban, P. P., Arnot, 
T. C., Harper, D. R., Kot, W., Hansen, L. H., Enright, 
M.C. and Jenkins, A. T. A. 2014. Combined use of 
bacteriophage K and a novel bacteriophage to reduce 
Staphylococcus aureus biofilm formation. Applied 
and Environmental Microbiology 80(21): 6694–6703. 
Arachchi, G. J. G., Mutukumira, A. N., Dias-
Wanigasekera,  B. M., Cruz,  C. D., McIntyre, L., 
Young, J., Flint, S. H., Hudson, A. and Billington, C. 
2013. Characteristics of three listeriaphages isolated 
from New Zealand seafood environments. Journal of 
Applied Microbiology 115:1427–1438.
Atterbury, R. J. 2009. Bacteriophage biocontrol in animals 
and meat products. Microbial Biotechnology 2(6): 
601–612. 
Atterbury, R. J., Connerton, P. L., Dodd, C. E., Rees, 
C. E. and Connerton, I. F. 2003. Isolation and 
characterization of Campylobacter bacteriophages 
from retail poultry. Applied and Environmental 
Microbiology 69(8): 4511-4518.
Atterbury, R. J., Dillon, E., Swift, C., Connerton, P. 
L., Frost, J.A., Dodd, C. E. R., Rees, C. E. D. and 
Connerton, I. F. 2005. Correlation of Campylobacter 
bacteriophage with reduced presence of hosts in 
broiler chicken ceca. Applied and Environmental 
Microbiology 71(8): 4885-4887.
Behravesh, C. B., Williams, I. T. and Tauxe, R. V. 2012. 
Emerging foodborne pathogens and problems: 
expanding prevention efforts before slaughter or 
harvest. In Choffnes, E. R., Relman, D. A., Olsen, L., 
Hutton, R., and Mack, A. (Eds). Improving food safety 
through a one health approach: workshop summary. p. 
307-330. National Academies Press. 
Bhensdadia, D. V., Bhimani, H. D., Nathani, N.M., 
Rawal, C. M., Koringa, P. G., Joshi, C.G., Kothari, 
C.R. and Kothari, R. K. 2014. Isolation, Molecular 
Characterization and Insight into the Genome 
Sequence of E. coli Bacteriophage ADB-2 from 
Poultry Fecal Sample. Journal of Next Generation: 
Sequencing and Applications 1(1): 2-7.
Bigwood, T. and Hudson, J. A. 2009. Campylobacters and 
bacteriophages in the surface waters of Canterbury 
(New Zealand). Letters in Applied Microbiology 
48(3): 343–348. 
Brüssow, H. and Hendrix, R. W. 2002. Phage genomics: 
small is beautiful. Cell 108(1): 13-16.
Canchaya, C., Fournous, G., Chibani-Chennoufi, S., 
Dillmann, M. L. and Brüssow, H. 2003. Phage as 
agents of lateral gene transfer. Current Opinion in 
Microbiology 6(4): 417-424.
Carlton, R. M., Noordman, W. H., Biswas, B., De Meester, 
E. D. and Loessner, M. J. 2005. Bacteriophage P100 
for control of Listeria monocytogenes in foods: 
genome sequence, bioinformatic analyses, oral 
toxicity study, and application. Regulatory Toxicology 
and Pharmacology 43: 301–312. 
Carrillo, C. M. L., Connerton, P. L., Pearson, T. and 
Connerton, I. F. 2007. Free-range layer chickens as a 
source of Campylobacter bacteriophage. Antonie Van 
Leeuwenhoek 92(3): 275-284.
Carvalho, C., Susano, M., Fernandes, E., Santos, S., 
Gannon, B., Nicolau, A., Gibbs, P., Teixeira, P. and 
Azeredo, J. 2010. Method for bacteriophage isolation 
against target Campylobacter strains. Letters in 
Applied Microbiology 50(2): 192- 197.
Casjens, S. R. 2008. Diversity among the tailed-
bacteriophages that infect the Enterobacteriaceae. 
Research in Microbiology 159(5): 340-348.
Chai, L. C., Robin, T., Ragavan, U. M., Gunsalam, J. W., 
Bakar, F. A., Ghazali, F. M., Son, R. and Kumar, M. 
P., 2007. Thermophilic Campylobacter spp. in salad 
vegetables in Malaysia.  International Journal of Food 
Microbiology 117(1): 106-111.
Chang, H. C., Chen, C. R., Lin, J. W., Shen, G. H., Chang, 
K. M., Tseng, Y. H. and Weng, S. F. 2005. Isolation 
and characterization of novel giant Stenotrophomonas 
maltophilia phage φSMA5. Applied and 
Environmental Microbiology 71(3): 1387-1393.
Chang, W. S.,  Afsah Hejri, L., Rukayadi, Y., Khatib, A., 
Lye, Y. L., Loo, Y. Y., Mohd Shahril, N., Soopna, P., 
Kuan, C. H., Goh, S. G., Tang, J. Y. H. and Son, R. 
2013. Quantification of Escherichia coli O157: H7 in 
organic vegetables and chickens. International Food 
Research Journal 20(2): 1023-1029.
Cormier, J. and Janes, M. 2014. A double layer plaque 
assay using spread plate technique for enumeration of 
bacteriophage MS2. Journal of Virological Methods 
196: 86-92.
Daubin, V. and Ochman, H. 2004. Bacterial genomes 
as new gene homes: the genealogy of ORFans in 
Escherichia coli. Genome Research 14(6): 1036-1042.
Dobrindt, U. and Reidl, J. 2000. Pathogenicity islands and 
phage conversion: evolutionary aspects of bacterial 
pathogenesis. International Journal of Medical 
Microbiology 290(6): 519-527.
Dorscht, J., Klumpp, J., Bielmann, R., Schmelcher, M., 
Born, Y., Zimmer, M., Calendar, R. and Loessner, 
M. J. 2009. Comparative genome analysis of 
Listeria bacteriophages reveals extensive mosaicism, 
programmed translational frameshifting, and a novel 
895  Premarathne et al./IFRJ 24(2): 888-896
prophage insertion site. Journal of Bacteriology 
191(23): 7206-7215.
Elexson, N., Nik Yuhanis, F.N., Malcolm, T.T.H., New, 
C.Y., Chang, W.S., Ubong, A., Kuan, C.H., Loo, 
Y.Y., Thung, T.Y. and Son, R. 2017.  Occurrence of 
Escherichia coli harbouring stx genes in popiah, a 
Malaysian street food. Food Research 1(1): 29-32.
El-Shibiny, A., Connerton, P. L. and Connerton, I. F. 
2005. Enumeration and diversity of campylobacters 
and bacteriophages isolated during the rearing cycles 
of free-range and organic chickens. Applied and 
Environmental Microbiology 71(3): 1259-1266.
Endersen, L., O’Mahony, J., Hill, C., Ross, R. P., 
McAuliffe, O. and Coffey, A. 2014. Phage therapy in 
the food industry. Annual Review of Food Science and 
Technology 5: 327-349.
Fan, H., Fan, H., Mi, Z., Fan, J., Zhang, L., Hua, Y., Wang, 
L., Cui, X., Zhang, W., Zhang, B., Huang, Y. and Li, J., 
2012. A fast method for large-scale isolation of phages 
from hospital sewage using clinical drug-resistant 
Escherichia coli. African Journal of Biotechnology 
11(22): 6143-6148.
Gálvez, A., Abriouel, H., Benomar, N. and Lucas, R. 
2010. Microbial antagonists to food-borne pathogens 
and biocontrol. Current Opinion in Biotechnology 21: 
142–148.
García, P., Madera, C., Martínez, B. and Rodríguez, A. 
2007. Biocontrol of Staphylococcus aureus in curd 
manufacturing processes using bacteriophages. 
International Dairy Journal 17(10): 1232-1239.
García, P., Rodríguez, L., Rodríguez, A. and Martínez, 
B. 2010. Food biopreservation: promising strategies 
using bacteriocins, bacteriophages and endolysins. 
Trends in Food Science and Technology 21: 373-382.
Goh, S. G., Kuan, C. H., Loo, Y. Y., Chang, W. S., Lye, 
Y. L., Soopna, P., Tang, J. Y. H., Nakaguchi, Y., 
Nishibuchi, M., Afsah-Hejri, L. and Son, R. 2012. 
Listeria monocytogenes in retailed raw chicken meat 
in Malaysia. Poultry science 91(10): 2686-2690.
Hansen, V. M., Rosenquist, H., Baggesen, D. L., Brown, 
S. and Christensen, B. B. 2007. Characterization of 
Campylobacter phages including analysis of host 
range by selected Campylobacter Penner serotypes. 
BMC Microbiology 7(1): 90. 
Haq, I. U., Chaudhry, W. N., Akhtar, M. N., Andleeb, S. and 
Qadri, I. 2012. Bacteriophages and their implications 
on future biotechnology: a review. Virology Journal 
9(1): 1–8.
Helms, M., Simonsen, J., Olsen, K. E. and Mølbak, K. 2005. 
Adverse health events associated with antimicrobial 
drug resistance in Campylobacter species: a registry-
based cohort study. Journal of Infectious Diseases 
191(7): 1050-1055.
Ho, W. S., Tan, L. K., Ooi, P. T., Yeo, C. C. and Thong, 
K. L. 2013. Prevalence and characterization of 
verotoxigenic-Escherichia coli isolates from pigs in 
Malaysia. BMC Veterinary Research 9(1): 109. 
Hsieh, S. E., Lo, H. H., Chen, S. T., Lee, M. C. and Tseng, 
Y. H. 2011. Wide host range and strong lytic activity 
of Staphylococcus aureus lytic phage Stau2. Applied 
and Environmental Microbiology 77(3): 756-761.
Kim, J. W., Siletzky, R. M. and Kathariou, S. 2008. Host 
ranges of Listeria-specific bacteriophages from the 
turkey processing plant environment in the United 
States. Applied and Environmental Microbiology 74: 
6623–6630. 
Kuan, C. H., Kuan, C. H., Goh, S. G., Loo, Y. Y., Chang, 
W. S., Lye, Y. L., Puspanadan, S., Tang, J. Y. H., 
Nakaguchi, Y., Nishibuchi, M., Mahyudin, N. A. 
and Son, R. 2013. Prevalence and quantification of 
Listeria monocytogenes in chicken offal at the retail 
level in Malaysia. Poultry science 92(6): 1664-1669.
Kutter, E. S. A. 2005. Bacteriophages Biology and 
Applications. CRC Press.
Kwiatek, M., Parasion, S., Mizak, L., Gryko, R., 
Bartoszcze, M. and Kocik, J. 2012. Characterization 
of a bacteriophage, isolated from a cow with mastitis, 
that is lytic against Staphylococcus aureus strains. 
Archives of Virology 157(2): 225–234.
Lau, G. L., Sieo, C. C., Tan, W. S., Hair-Bejo, M., Jalila, 
A. and Ho, Y. W. 2010. Efficacy of a bacteriophage 
isolated from chickens as a therapeutic agent for 
colibacillosis in broiler chickens. Poultry Science 
89(12): 2589-2596.
Lisha, V., New, C.Y., Nishibuchi, M. and Son, R. 2017. 
Rapid genetically modified organism (GMO) 
screening of various food products and animal feeds 
using multiplex polymerase chain reaction (PCR). 
Food Research 1: 1-6.
Loessner, M. J. and M. Busse. 1990. Bacteriophage 
typing of Listeria species. Applied and Environmental 
Microbiology 56(6): 1912-1918.
Loo, Y. Y., Soopna, P., Goh, S.G., Kuan, C. H., Chang, W. 
S., Lye, Y. L., Tang, J. Y. H., Rukayadi, Y., Nakaguchi, 
Y., Nishibuchi, M. and Son, R.. 2013. Quantitative 
detection and characterization of Shiga toxin-
producing Escherichia coli O157 and non-O157 in raw 
vegetables by MPN-PCR in Malaysia. International 
Food Research Journal 20(6): 3313-3317.
Lu, Z. and Breidt, F. 2015. Escherichia coli O157:H7 
bacteriophage Φ241 isolated from industrial cucumber 
fermentation at high acidity and salinity. Frontiers in 
Microbiology 6: 1-10. 
Lye, Y. L., Son, R., Afsah Hejri, L., Chang, W. S., Loo, Y. Y., 
Soopna, P., Kuan, C. H., Mohd Shahril, N., Rukayadi, 
Y., Khatib, A., Tang, J.Y.H. and Nishibuchi, M. 2013. 
Risk of Escherichia coli O157:H7 transmission linked 
to the consumption of raw milk. International Food 
Research Journal 20(2): 1001-1005.
Marian, M. N., Aminah, S.S., Zuraini, M. I., Son, R., 
Maimunah, M., Lee, H. Y., Wong, W.C. and Elexson, 
N. 2012. MPN-PCR detection and antimicrobial 
resistance of Listeria monocytogenes isolated from 
raw and ready-to-eat foods in Malaysia. Food Control 
28(2): 309-314.
Neela, V., Zafrul, A. M., Mariana, N. S., Van Belkum, A., 
Liew, Y. K. and Rad, E. G. 2009. Prevalence of ST9 
methicillin-resistant Staphylococcus aureus among 
pigs and pig handlers in Malaysia. Journal of Clinical 
Microbiology 47(12): 4138-4140.
 Premarathne et al./IFRJ 24(2): 888-896 896
Newell, D. G., Koopmans, M., Verhoef, L., Duizer, E., 
Aidara-Kane, A., Sprong, H., Opsteegh, M., Langelaar, 
M., Threfall, J., Scheutz, F. and van der Giessen, J. 
2010. Food-borne diseases—the challenges of 20 
years ago still persist while new ones continue to 
emerge. International Journal of Food Microbiology 
139: S3-S15.
Owens, J., Barton, M. D. and Heuzenroeder, M. W. 2013. 
The isolation and characterization of Campylobacter 
jejuni bacteriophages from free range and indoor 
poultry. Veterinary Microbiology 162(1): 144-150.
Ponniah, J., Robin, T., Paie, M.S., Son, R., Ghazali, F. M., 
Kqueen, C. Y., Nishibuchi, M., Nakaguchi, Y. and 
Malakar, P. K. 2010. Listeria monocytogenes in raw 
salad vegetables sold at retail level in Malaysia. Food 
Control 21(5): 774-778.
Sasidharan, S., Prema, B. and Latha, L. Y. 2011. 
Antimicrobial drug resistance of Staphylococcus 
aureus in dairy products. Asian Pacific Journal of 
Tropical Biomedicine 1(2): 130-132.
Schmuki, M. M., Erne, D., Loessner, M. J. and Klumpp, 
J. 2012. Bacteriophage P70: unique morphology and 
unrelatedness to other Listeria bacteriophages. Journal 
of Virology 86: 13099–13102. 
Shousha, A., Awaiwanont, N., Sofka, D., Smulders, F.J., 
Paulsen, P., Szostak, M.P., Humphrey, T. and Hilbert, 
F. 2015. Bacteriophages isolated from chicken meat 
and the horizontal transfer of antimicrobial resistance 
genes. Applied and Environmental Microbiology 
81(14): 4600-4606.
Sillankorva, S. M., Oliveira, H. and Azeredo, J. 2012. 
Bacteriophages and their role in food safety. 
International Journal of Microbiology ID 863945: 
1-13.
Skurnik, M., Pajunen, M. and Kiljunen, S. 2007. 
Biotechnological challenges of phage therapy. 
Biotechnology Letters 29(7): 995-1003.
Son, R., Mutalib, S.A., Rusul, G., Ahmad, Z., Morigaki, 
T., Asai, N., Kim, Y.B., Okuda, J. and Nishibuchi, 
M. 1998. Detection of Escherichia coli O157: H7 
in the beef marketed in Malaysia. Applied and 
Environmental Microbiology 64(3): 1153-1156.
Sulakvelidze, A. 2011. The challenges of bacteriophage 
therapy. European Industrial Pharmacy 10: 14-18.
Synnott, A. J., Kuang, Y., Kurimoto, M., Yamamichi, K., 
Iwano, H. and Tanji, Y. 2009. Isolation from sewage 
influent and characterization of novel Staphylococcus 
aureus bacteriophages with wide host ranges and 
potent lytic capabilities. Applied and Environmental 
Microbiology 75(13): 4483-4490.
Tang, J. Y. H., Mohamad Ghazali, F., Abdul Aziz, S., 
Nishibuchi, M. and Son, R. 2009. Comparison of 
thermophilic Campylobacter spp. occurrence in two 
types of retail chicken samples. International Food 
Research Journal 16(3): 277-288.
Tomat, D., Mercanti, D., Balagué, C. and Quiberoni, A. 
2013. Phage biocontrol of enteropathogenic and 
Shiga toxin-producing Escherichia coli during milk 
fermentation. Letters in Applied Microbiology 57(1): 
3-10.
Weinbauer M. 2004. Ecology of procaryotic viruses. 
FEMS Microbiology Reviews 28: 127–181.
Wong, C.Y., Usha, M., Vivian, C.Y., Ubong, A., 
Nakaguchi, Y., Nishibuchi, M. and Son, R. 2017. 
Cross contamination of Campylobacter jejuni from 
naturally contaminated chicken liver and chicken legs. 
Food Research 1(2): 33-37.
Wong, W. C., Pui, C.F., Robin, T., Anyi, U., Sahroni, 
M., Hidayah, N., Mohamad Ghazali, F., Ahmad, N., 
Cheah, Y. K. and Son, R. 2012. Antibiogram pattern 
among cultures of Listeria monocytogenes isolated 
from frozen burger patties in Malaysia. Pertanika 
Journal of Tropical Agricultural Science 35(4): 793-
804.
Yoon S. S., Barrangou-Poueys R., Breidt F. and Fleming 
H. P. 2007. Detection and characterization of a lytic 
Pediococcus bacteriophage from the fermenting 
cucumber brine. Journal of Microbiology and 
Biotechnology 17(2): 262–270. 
Zimmer, M., Sattelberger, E., Inman, R., Scherer, S., 
Calendar, R. and Loessner, M. J. 2003. Genome and 
proteome of Listeria monocytogenes bacteriophage 
PSA: an unusual case for programmed+1 translational 
frameshifting in structural protein synthesis. Molecular 
Microbiology 50: 303–317. 
